Although much work has been done on the levels of cholesterol, cholesterol esters, and the various phospholipids in the blood and in the brain of patients with multiple sclerosis, little attention has so far been paid to the nature and proportions of the different fatty acids present as cholesterol esters or as components of the different phospholipids.
In 1963, however, Baker, Thompson, and Zilkha reported briefly on the fatty acid composition of lecithin fractions extracted from the white matter of six normal brains and of nine brains from patients with multiple sclerosis. The areas of white matter dissected from the brains of patients with multiple sclerosis appeared normal on inspection, and in no case was tissue taken from the immediate vicinity of a recognizable plaque. The findings appeared to indicate a shift towards greater saturation of the fatty acids in this fraction of the white matter in multiple sclerosis, the percentage of palmitic acid being increased and those of palmitoleic and arachidonic acids decreased.
Since the publication of these results Gerstl, Tavaststjema, Hayman, Smith, and Eng (1963) have also described a study of the fatty acids in human brains, in which they found that the levels (expressed as m-moles/100 g. wet weight of brain) of both saturated and unsaturated fatty acids in the unfractionated lipids of white matter from one multiple sclerosis brain were slightly lower than the mean levels obtained from three normal brains.
In discussing their own findings Baker et al. (1963) suggested that the changed proportions of fatty acids in brain lecithins in multiple sclerosis could be due to some purely local cause, such as an abnormality of lecithin synthesis or degradation, or could arise as a result of some more general cause, such as a change in the relative amounts of saturated and unsaturated fatty acids reaching the brain. We are therefore now reporting the results of a study of the percentage fatty acid composition of the total lipid extract of serum taken from patients with multiple sclerosis and from control subjects.
EXPERMENTAL
SUBJECTs The subjects of the present study comprised 38 controls and 47 patients with multiple sclerosis.
The controls included 20 healthy subjects (10 males and 10 females) aged 20 to 52 years (mean, 35 years), and 18 'neurological controls' (five males and 13 females), i.e., in-patients at the National Hospital, Queen Square, the Cheshire Foundation Home for the Chronic Sick (Copthorne, Sussex), and Guy's Hospital, suffering from neurological disorders (Table I) other than multiple sclerosis, and whose ages ranged from 13 to 68 years (mean, 41 years). were unable to take a normal diet were excluded from this study.
ANALYTICAL METHODS After drawing the specimens the blood was kept at room temperature for five hours. The serum was then separated and a total lipid extract prepared according to the procedure of Sperry and Brand (1955) .
A sample of each total lipid extract (_ 1 ml. serum) was evaporated to dryness and the residue hydrolysed in 2 ml. N KOH in 90% ethanol for 30 min. at 37°. The hydrolysate was then diluted with 5 ml. water, acidified with 1 5 ml. 2N HC1 and the fatty acids extracted into 10 ml. diethyl ether.
The ether extract of the fatty acids was then evaporated to dryness, and the fatty acids methylated by reaction with 1 ml. 2% (w/v) H2SO4 in methanol at 60°C. for at least 10 min., after which the mixture was diluted with 4 ml. water and the methyl esters extracted with 5 ml. ether. The final ether extract was dried with anhydrous Na2SO4 for gas chromatography using a Perkin-Elmer model 800 instrument fitted with a 6 ft. copper column (1 mm. bore) packed with 80-100 mesh acid-washed celite coated with 20% (w/w) of the polyester diglycoladipate resin LAC-IR-296. Separations were carried out at 190°. The chromatograms were analysed by triangulation and the proportions of the individual fatty acids expressed as percentages of the total.
RESULTS
In the initial stages of this study a comparison was made between the percentage fatty acid composition of the serum lipids from a series of patients with multiple sclerosis, all of whom were in-patients at the National Hospital, and that of a series of healthy control subjects, mostly members of the laboratory staff. Because of the differences of diet and daily activities between these two groups of subjects it was decided in the subsequent work to substitute a group of 'neurological controls' for the healthy subjects; these neurological controls were also all inpatients at the National Hospital, living under the same dietary regime but suffering from a wide range of other neurological disorders. As stated above these controls were chosen, as far as was possible, to match the multiple sclerosis patients as regards overall physical handicap. In the later stages of the work a number of patients with multiple sclerosis attending the National Hospital as out-patients and also a small number of in-patients from one of the Cheshire Homes and from Guy's Hospital were included. Table II shows the mean values (and the standard errors of the means) for the percentages of the different fatty acids in the mixture of fatty acids obtained from the total lipid extracts of sera from the different groups of subjects. Statistical examination of the values obtained from the healthy subjects and the neurological controls showed that there was no significant difference between these two groups, which have therefore been combined to give one control group of 38 subjects. (Throughout this work we have regarded differences as significant only when P<001.) It will be seen that of the different fatty acids measured linoleic acid (18:2) shows the greatest variation in its percentage level in the different groups, the 47 patients with multiple sclerosis showing a mean value of 22-3 as compared with 25.6 for the 38 controls, the difference between these two means being highly significant (P<00001). When the multiple sclerosis patients are subdivided into in-patients and out-patients, it will be seen that the 38 in-patients show an even lower mean percentage (21 5), whereas the nine out-patients have a mean value (25 7) indistinguishable from that of the controls.
The mean percentage of linoleic acid in the 38 multiple sclerosis in-patients is also significantly lower than that of the neurological controls (P= 0 004), although the multiple sclerosis patients as a whole, i.e., in-patients and out-patients, do not show any significant difference in this respect from the neurological controls (P<0i05,>0-02).
Because of this difference in the mean values of linoleic acid in the multiple sclerosis in-patient and out-patient groups it was decided next to attempt to grade these patients according to the estimated activity of the disease. The clinical assessment and grading of activity was carried out by one of us (K.J.Z.) without access at the time to the analytical results; in the later stages of the work grading was made before the blood sample was drawn. In a condition such as multiple sclerosis, with its tendency for apparently random and often sudden exacerbations and remissions, assessment of the activity of the disease process at any one time can present extreme difficulty. The chief criterion on which our grading has been based was clinical evidence of deterioration in the preceding month, as shown by the development of new signs or symptoms, or by the exacerbation or extension of already existing signs or symptoms. The patients were consequently grouped into the following four grades: GRADE I Patients showing only slight neurological disability, and no evidence of recent deterioration: none were bed-ridden, and seven of the 10 patients falling into this group were seen as out-patients. GRADE II Patients showing evidence of slight recent deterioration: only one (H.S.) of the I 1 patients in this group was confined to bed, and two were attending as out-patients.
GRADE III Moderate recent deterioration, with evidence of a more severe increase in disability than that shown by the patients in grade II: all were under treatment as in-patients, and only one (F.A.) was confined to bed.
GRADE IV Rapid and extensive recent deterioration: all were in-patients and two (J.B. and M.C.) were confined to bed. Table III lists the percentages of linoleic acid in the serum lipids of each of the 47 patients with multiple sclerosis, subdivided into the four groups of activity. It will be seen that the mean percentage of lineolic acid in the patients falling into grade I of our assessment is indistinguishable from that of the GRADE IV Severely paralysed, two (P.F. and W.C.) with a progressive disorder, and the third (M.E.) confined to bed.
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The 38 controls have also been examined to discover whether the sexes show any difference in the percentage of linoleic acid. Taking the group as a whole, the mean percentage (± S.E.M.) for the 15 men (24-5 ± 0 6) is not significantly different from Ls multiple sclerosis, that for the 23 women (26-4 ± 0 7). Neither is there varied and usually any difference between the mean percentages for exacerbations, it is males and females in the group of neurological ge group of patients. controls. In the case of the 20 healthy subjects, however, the mean for the 10 men (25-3 ± 0 8) is significantly lower (P<0-01) than the mean for the 10 women (28-4 ± 0-6). Lawrie, McAlpine, Pirrie, and Rifkind (1961) , in a study of fatty acid patterns in human serum in health, found a significantly lower level of linoleic acid in the triglyceride fraction from male subjects, but no significant differences were found in the composition of the cholesterol ester or phospholipid fractions; although they also reported significantly lower levels of palmitic acid and higher levels of arachidonic acid in the triglyceride fraction of male subjects. we have not found any differences between the sexes in the percentage levels of these two acids in the total serum lipids.
In Table III the 47 patients with multiple sclerosis have been separately listed as males and females in each of the four grades into which they have been grouped; although, when subdivided in this way, some of the groups are small, no significant difference in the percentage level of linoleic acid between the sexes emerges in any of the grades.
The group of healthy controls is the only one that appears to show a difference in this respect between the sexes, the women having a slightly higher percentage of linoleic acid in the serum lipids than the men. However, as the female patients with multiple sclerosis who were showing signs of rapid and extensive recent deterioration (grade IV, Table III) possess percentage levels of linoleic acid which on average are actually lower than the mean percentage in the grade IV males, this apparent sex difference in the healthy controls certainly does not influence our conclusion that in active multiple sclerosis there is evidence that the percentage of this fatty acid is low.
As shown in Table III , an attempt to group the multiple sclerosis patients into grades, based on the overall clinical assessment of the activity of the disease, shows that, in general, the lowest values for the percentage of linoleic acid occur among those patients showing evidence of clinical deterioration in the preceding month. It is of interest to note that one of the grade I patients (M.G.) had an unusually low proportion (19*7 %) of linoleic acid for this grade as a whole; although this patient had been allocated to grade I on admission, blood was drawn only after she had been in the ward for five days, and during the course of the next two weeks it became obvious that her clinical condition had deteriorated. Patient C.C. was put into grade I of the neurological controls (Table IV) since her only symptoms at the time of examination were due to epileptiform seizures; over the subsequent four weeks her condition worsened and the diagnosis of subacute sclerosing leucoencephalitis was established.
We have been able to find only two reports on the proportions of fatty acids in the serum lipids of patients with multiple sclerosis. Gerstl, Davis, Smith, Ramorino, and Orth (1957) measured serum dienoic fatty acids by the method of alkali isomerization in 11 patients with active multiple sclerosis, nine patients with inactive multiple sclerosis, and eight control subjects. Although the level (mg./100 ml.) of dienoic fatty acids was considerably higher in patients with the inactive disease than in those in the active state, there was no difference between the values found in the latter group and that in the controls. Tuna, Logothetis, and Kammereck (1963b) studied a group of seven patients with multiple sclerosis, all of whom had at the time an acute exacerbation of their disease, and found that the percentage of linoleic acid in the serum lipids did not differ significantly from normal. Our results are therefore at variance with those of these latter workers; it must, however, be pointed out that in our group of 47 patients with multiple sclerosis there is a wide scatter in the values found for the proportion of linoleic acid, varying from 29.8% down to 16.3%. Moreover the normal values obtained in our out-patient group, together with the correlation that appears to exist between the proportion of this fatty acid and the activity of the disease (Table III) , stresses the need for a close alignment of biochemical results with the clinical assessment of the condition in a disease as variable in its course as multiple sclerosis. Tuna et al. (1963b) also found a statistically significant reduction in the percentage of palmitic acid in their group of seven patients with multiple sclerosis when compared with a series of 11 control subjects reported on earlier (Tuna et al., 1963a) . We are at a loss to explain the difference between their results and our finding of a statistically significant rise in the percentage of palmitic acid in our grade IV patients as compared with grade I (Table V) .
The results described above on unfractionated serum lipids have yielded information only about the percentage fatty acid composition of these lipids. Such information is difficult to interpret unless measurements are also made in terms of absolute quantities of the acids present. We are now carrying out such a study on the separated cholesterol ester, phospholipid, and triglyceride fractions. These results will be described later, but already we have evidence that in the active phases of multiple sclerosis there is a lowering of the level of linoleic acid (,uEq./ml.serum) in the cholesterol ester fraction, in which a large proportion of the plasma linoleic acid is known to occur (Lipsky, Haavik, Hopper, and McDivitt, 1957; Dole, James, Webb, Rizack, and Sturman, 1959; Lawrie et al., 1961 ).
When we turn to the interpretation of this apparent lowering of the proportion of linoleic acid in the serum lipids in the active phases of multiple sclerosis we are faced with many difficulties on account of the many factors that can influence the levels of plasma fatty acids. We are of the opinion, however, that our findings do not merely reflect dietary differences. The general nutritional status of the patients was good, and our 'neurological controls' were inpatients from the same hospital as the majority of our multiple sclerosis patients, and were therefore taking essentially the same diet. Neither, as discussed above, do we feel that sex is a relevant factor. The mean ages of the healthy control, neurological control, and multiple sclerosis groups were 35, 41, and 37 years respectively, and examination of the individual values for linoleic acid in the control groups shows no evidence of variation with age among the subjects studied. Since it was appreciated that the mobility of the patient might influence the serum fatty acid levels an attempt was made to 'match' our multiple sclerosis patients with neurological controls showing comparable degrees of physical incapacity. As mentioned earlier, the percentage of linoleic acid in these neurological controls showed no correlation with physical disability. No evidence of seasonal variation could be found on examining our results. A lowered level of linoleic acid in the serum lipids could clearly arise as a result of either a diminished entry of this fatty acid into the blood, or from an increased rate of its removal from the blood stream. At present we have no evidence to say whether this decrease precedes, and possibly conditions, the onset of an exacerbation of the disease, or whether it is an outcome of the exacerbation; if the former then it would seem almost certain that this represents only one conditioning cause acting in the presence of some other factor or factors. The suggestion which has been put forward (Swank, 1950; Swank, Lerstad, Str0m, and Backer, 1952; Sinclair, 1956) , that the ingestion of certain types of fats, and in particular animal fats rich in saturated fatty acids, may predispose to the development of multiple sclerosis in susceptible persons would be consistent with our finding of low serum levels of linoleic acid in the active stages of the disease. Moreover, Allison (1963) has recently reported on the differences in prevalence of multiple sclerosis in the Orkney, Shetland, and Faroe Islands, the crude prevalence rates being 152-7 per 100,000 for the Orkney and Shetland Islands as compared with 48-4 per 100.000 for the Faroes. He goes on to state that while these islands differ little in latitude, longitude, annual hours of sunshine, rainfall, and summer and winter temperatures, there are marked differences in diet, that of the Orcadians and Shetlanders differing not greatly from that of the rest of Great Britain, whereas that of the Faroe Islanders contains whale meat and blubber (containing mostly unsaturated fatty acids), uncooked dried mutton, more fowl (puffins), and much more fish. Although, when contrasted with the prevalence of the disease in other parts of Great Britain, it is clear that other factors must be involved, these epidemiological observations are consistent with the conception that the availability of unsaturated fatty acids may be one factor determining the prevalence in otherwise susceptible persons. Restriction of dietary intake of unsaturated fatty acids, however, is clearly not the only means by which a low level of linoleic acid in the serum might ensue, and it is certainly not suggested that a purely dietary deficiency of unsaturated fatty acids was the precipitating cause of exacerbations in our series of patients.
Alternatively, it is possible that the low proportions of plasma linoleic acid might arise from some local cause in the central nervous system or elsewhere resulting in a change in the rate of uptake of linoleic acid from the plasma or in its rate of entry into the plasma. On present evidence, however, it is not possible to do more than speculate on the nature of the abnormality underlying our findings.
SUMMARY
A study has been made of the percentage fatty acid composition of the total lipid extract of serum taken from 47 patients with multiple sclerosis and from 38 control sujbjects.
It has been found that the percentage of linoleic acid (18:2) shows a statistically significant reduction in the multiple sclerosis group as a whole, the mean value for the controls being 25 6% of the total fatty acids and for the multiple sclerosis patients 22-3%.
When the patients are graded according to the activity of the disease, the percentage of linoleic acid is found to fall progressively with increasing evidence of recent deterioration in the patient's condition, the mean level in the 10 patients placed in the grade showing the greatest deterioration being 18-6%.
The possible significance of these findings is briefly discussed.
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